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Description 

[0001] The present invention relates to a fluororesin film excellent in transparency, infrared ray blocking properties 
and weather resistance. 

5 [0002] In fields of agricultural covering materials and building materials, demands for plastic materials of which me- 
chanical strength does not change even after exposure to outdoors for 10 years or more have been increasing. As a 
plastic excellent in weather resistance, polyethylene terephthalate and fluororesins are used. Particularly f I uororesins, 
especially tetrafluoroethylene type copolymers are excellent in characteristics such as weather resistance, transpar- 
ency and resistance to staining, and their characteristics are maintained outdoors for 15 years or more, and thus films 

*o comprising fluororesins are used as agricultural covering materials such as agricultural houses and roof materials for 
e.g. botanic gardens, exhibition halls and tents. 

[0003] In recent years, development of heat radiation blocking plastic materials has been desired for covering ma- 
terials for agricultural houses capable of so-called year-round culture for cultivation even at a high temperature season 
in summer. Further, also for roof materials for e.g. botanic gardens, exhibition halls and tents, development of heat 

*5 radiation blocking plastic materials has been desired. 

[0004] J P-A- 10-139489 discloses a structure comprising a transparent glass sheet, and a heat radiation blocking 
film having a thin layer of a metal oxide formed on its surface, bonded to the glass sheet, as a covering material for 
agricultural houses. Further, JP-A-9-1 51203 discloses a polyester film having a heat radiation blocking layer obtained 
by coating a polyester film with an ultraviolet-curing acryl resin coating having tin oxide fine particles having heat 

20 radiation blocking properties or tin oxide fine particles doped with antimony dispersed therein. 

[0005] However, with respect to the former structure, a covering material comprising a glass sheet and a film bonded 
is used, thus increasing the cost. Further, the weather resistance of an adhesive used for bonding the glass sheet and 
the film may not be sufficient, and the glass sheet and the film may be peeled off in a long-term use. 
[0006] Further, with respect to the latter polyester film, since an infrared ray blocking layer is formed on a polyester 

25 film, the coating film and the film may be peeled off in a long-term outdoor use. Particularly in a use as an agricultural 
house, since the film is always subjected to deformation due to wind and weather, the coating film and the film tend to 
be peeled off. 

[0007] Methods to overcome the above problems have been studied on agricultural covering materials having an 
infrared ray blocking material dispersed therein. 
30 [0008] JP-A-1 1 -246570 proposes an agricultural film comprising difluorotin naphthalocyanine dispersed in polyester, 
polyethylene or polyvinyl chloride. However, the weather resistance of difluorotin naphthalocyanine is not adequate, 
and a long-term outdoor use has been difficult 

[0009] The present inventors have conducted studies on fluororesin films comprising a fluororesin containing a metal 
oxide having infrared ray blocking properties and having a high weather resistance, such as fine particles of tin oxide - 
35 or tin oxide doped with antimony, from a viewpoint to obtain such a film that the infrared ray blocking properties do not 
decrease for a long term, and the weather resistance of the film itself will be favorable. 

[001 0] However, it was found that since fine particles of tin oxide or tin oxide doped with antimony had a photocatalytic 
action, when they were exposed to outdoors, the fluororesin in contact with the fine particles underwent oxidative 
destruction due to ultraviolet rays, thus causing cavitation or whitening of the film. If the film undergoes whitening, the 
40 transmittance in the visible light region considered to be the photosynthesis region of plants extremely decreases, and 
thus such a film can not be used as an agricultural covering material. 

[0011] JP-A-2001 -491 90 discloses a coating liquid comprising a hexaboride such as LaB 6 dispersed in a silica binder. 
A glass sheet having a coating film obtained by coating the coating liquid has infrared ray blocking properties, however, 
it was found that the heat radiation blocking properties decreased after about 1 ,000 hours in a moisture resistance test 
45 at 60°C at 90%. 

[0012] The present inventors have conducted extensive studies to overcome the above problems and as a result, 
they have found that a hexaboride does not have a photocatalytic action on a fluororesin, and its optical characteristics 
are maintained for a long term. The present invention has been accomplished on the basis of this discovery. Namely, 
it is an object of the present invention to provide a fluororesin film excellent in transparency, infrared ray blocking 
so properties and weather resistance. 

[0013] The present invention provides a heat radiation blocking fluororesin film comprising a fluororesin containing 
a hexaboride. 

[0014] Further, the present invention provides the above heat radiation blocking fluororesin film, wherein the content 
of the hexaboride is from 0.01 to 1 part by mass based on 1 00 parts by mass of the fluororesin. 
55 [0015] Further, the present invention provides the above heat radiation blocking fluororesin film, wherein the average 
particle size of the hexaboride is from 0.005 to 0.40 u.m. 

[0016] Further, the present invention provides the above heat radiation blocking fluororesin film, wherein the hexa- 
boride is subjected to a surface treatment with irregular silica, and the mass ratio of the irregular silica as calculated 
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as Si0 2 to the hexaboride is 30-100:100. 

[001 7] Further, the present invention provides the above heat radiation blocking fiuororesin film, wherein the average 
particle size of the hexaboride subjected to a surface treatment with irregular silica is from 0.1 to 30 urn. 
[001 8] Further, the present invention provides the above heat radiation blocking fiuororesin film, wherein the surface 
3 of the hexaboride is subjected to hydrophobilization with an organic silicon compound. 

[0019] Further, the present invention provides the above heat radiation blocking fiuororesin film, wherein the hexa- 
boride is LaB 6 . 

[0020] Further, the present invention provides the above heat radiation blocking fiuororesin film, wherein the fiuor- 
oresin is at least one member selected from the group consisting of an ethylene-tetrafluoroethylene type copolymer, 
10 a hexafluoropropylene-tetrafiuoroethylene type copolymer, a perfluoro(alkyl vinyl ether) -tetrafluoroethylene type co- 
polymer and a tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride type copolymer. 

[0021] Further, the present invention provides the above heat radiation blocking fiuororesin film, wherein the fiuor- 
oresin is an ethylene-tetrafluoroethylene type copolymer. 

[0022] Still further, the present invention provides the above heat radiation blocking fiuororesin film, which contains, 
*5 in addition to the hexaboride, cerium oxide and/or zinc oxide in a total amount of from 1 to 1 0 parts by mass based on 
1 part by mass of the hexaboride. 
[0023] In the accompanying drawings: 

Fig. 1 is a diagram illustrating light ray transmittances of a film of the present invention at from 200 to 2,500 nm. 
20 Fig. 2 is a diagram illustrating light ray transmittances of a fiuororesin film containing LaBe composite particles of 

Example 6 at a wavelength of from 200 to 2,400 nm. 

Fig. 3 is a diagram illustrating light ray transmittances of a film of Example 1 0 at a wavelength of from 200 to 2,400 
nm. 

25 Symbols used in Figs, are as follows. 

[0024] 1 -A: Initial light ray transmittance of film 1 -A of Example 1 , 1 -B: light ray transmittance of the film of Example 
1 after weather resistance test, 1 -C: initial light ray transmittance of film 1 -C of Comparative Example 1 , 1 -D: Light ray 
transmittance of the film of Comparative Example 1 after weather resistance test, 1 -E: initial light ray transmittance of 

30 a film 1-E of Comparative Example 2, 2-A: initial light ray transmittance of a film 6 of Example 6, 2-B: light ray trans- 
mittance of a film 6 of Example 6 after weather resistance test, 2-C: light ray transmittance of a film 6 of Example 6 
after moisture resistance test, 2-D: light ray transmittance of an ETFA film 1-E of Comparative Example 2, 3-A: initial 
light ray transmittance of a film 1 0 of Example 1 0, 3-B: light ray transmittance of a film 1 0 of Example 1 0 after weather 
resistance test, and 3-C: light ray transmittance of a film 10 of Example 10 after moisture resistance test. 

35 [0025] Now, the present invention will be described in detail with reference to the preferred embodiments. 

[0026] In the present invention, the fiuororesin used for the fiuororesin film may, for example, be an ethylene- 
tetrafluoroethylene type copolymer (hereinafter referred to as ETFE), a hexafluoropropylene-tetrafluoroethylene type 
copolymer (hereinafter referred to as FEP), a perfluoro(alkyl vinyl ether)-tetraf luoroethylene type copolymer (hereinafter 
referred to as PFA), a tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride type copolymer (hereinafter referred 

^0 to as THV), polyvinylidene fluoride, a vinyl idene fluoridehexaftuoropropylene type copolymer or polyvinyl fluoride. 
Among them, ETFE, FEP, PFA and THV are particularly preferred. More preferred is ETFE. 

[0027] In the present invention, as ETFE, a copolymer of tetrafluoroethylene (hereinafter referred to as TFE) with 
ethylene (hereinafter referred to as E) and a copolymer of TFE, E and another monomer are preferred. 
[0028] Said another monomer may, for example, be a fluoroolefin such as chlorotrifluoroethylene, hexafluoropropyl- 
45 ene, perfluoro(alkyl vinyl ether) or vinylidene fluoride, a polyfluoroalkyiethyiene such as CH^CHR' (wherein R f is a 
Ci-a polyf luoroalkyl group, the same applies hereinafter) or CH^=CFR f , or a polyfluoroalkyl trifluorovinyl ether such as 
CF2=CFOCH 2 R f . They may be used alone or In combination of at least two. 

[0029] Particularly preferred is CH^CHR', and R» is preferably a C^q perf luoroalkyl group, most preferably C 4 F 9 . 
[0030] As the composition of the ETFE, the molar ratio of the polymer units based on TFE/poIymer units based on 

so E is preferably from 70/30 to 30/70, more preferably from 65/35 to 40/60, most preferably from 60/40 to 45/55. 

[0031] In a case where polymer units based on another comonomer are incorporated, the content of the polymer 
units based on another comonomer is preferably from 0.01 to 30 mol%, more preferably from 0.05 to 15 mol%, most 
preferably from 0.1 to 10 mol%, based on the total number of mols of polymer units based on TFE and ethylene. 
[0032] In the present invention, the fiuororesin may contain a fluororubber in order to impart plasticity. Preferably, 

55 the fluororubber may, for example, be a tetrafluoroethylene-propylene type elastic copolymer, a tetrafluoroethylene- 
vinylidene fluoride-propylene type elastic copolymer, a vinylidene fluoride-hexafluoropropylenetype elastic copolymer, 
a tetrafluoroethylene-vinylidenefluoride-hexafluoropropylene type elastic copolymer or a tetrafluoroethylene-perfluoro 
(alkyl vinyl ether) type elastic copolymer. They may be used alone or in combination of at least two. 
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[0033] The content of the fiuoro rubber is preferably at most 40 parts by mass, particularly preferably at most 20 parts 
by mass, based on 100 parts by mass of the fluororesin. 

[0034] In the present invention, the thickness of the fluororesin film is not particularly limited, but is usually from 6 to 
500 usn, preferably from 10 to 200 urn If the film is too thin, breakage due to friction between an agricultural house 
5 and a support rod or the like will take place in five years or so, such being unfavorable. Further, if it is too thick, the 
amount of solar light to be transmitted will decrease, such being unfavorable. 

[0035] In the present invention, it is preferred to subject one side of the fluororesin film to a surface treatment such 
as a corona discharge treatment and coat it with e.g. a silica type anti-sticking agent. Further, in a case where the 
fluororesin film is used as a curtain material in an agricultural house, it is also preferred to make holes having a diameter 
10 of from 100 urn to 10 mm on the fluororesin film within a range of not impairing the mechanical strength, in orderto 
control visible light transmittance and/or water vapor transmittance. 

[0036] In the present invention, a hexaboride is a metal hexaboride, and specific examples of which include lantha- 
num hexaborides such as LaB 6 , lanthanide hexaborides such as CeB 6 , PrB 6 , NdB 6 , GdB 6 , TbB 6 , DyBg, HoBg, TbBe, 
SmB 6 , EuB 6 , ErBg, TmB 6 , YbBg and LuB 6 , and alkaline earth metal hexaborides such as SrBg and CaBg. Particularly 
* 5 preferred is at least one hexaboride selected from the group consisting of LaB 6 , CeBg, NdB 6 and GdB 6 . More preferred 
is LaB 6 or CeB 6 , and most preferred Is LaB 6 . 

[0037] Such a hexaboride is a powder colored in e.g. brown black, gray black or green black, is dispersed as fine 
particles having a specific average particle size in a fluororesin film, and has such characteristics that visible light rays 
of from 400 to 700 nm are transmitted, and near infrared rays of from 700 to 1 ,800 nm are blocked. In the present 
20 specification, blocking means blocking by absorption or reflection of infrared rays, and the hexaboride blocks infrared 
rays mainly by absorption. 

[0038] The average particles size of the fine particles of the hexaboride used in the present invention is preferably 
from 0.005 to 0.40 nm. The average particle size is more preferably from 0.01 to 0.2 um, most preferably from 0.03 to 
0.15 nm. When the average particle size is within this range, transparency of the film containing the hexaboride is 
25 maintained, and a change into a fluoride due to a reaction with hydrofluoric acid (HF) generated in a slight amount in 
the fluororesin will not take place. 

[0039] In the present invention, the content of the hexaboride is preferably from 0.01 to 1 part by mass, more pref- 
erably from 0.03 to 0.5 part by mass, most preferably from 0.05 to 0.3 part by mass, based on 1 00 parts by mass of 
the fluororesin. When the content is within this range, appropriate visible light blocking properties are obtained. 
30 [0040] In the present invention, the hexaboride is preferably subjected to a surface treatment with irregular silica. 
Hereinafter hexaboride fine particles subjected to a surface treatment with irregular silica will sometimes be referred 
to as hexaboride composite particles. Here, the surface treatment with irregular silica means that the hexaboride is 
covered and mixed with the irregular silica. 

[0041] The irregular silica may be amorphous silica, and specifically, preferred is irregular silica obtained by hydro- 
ps lyzing a silicic acid compound or its partially condensed product such as No. 3 sodium silicate (Si0 2 content: 28.5%), 
or a tetraalkyl silicate such as tetraethyl silicate, tetramethyl silicate, tetrapropyl silicate or tetrabutyl silicate. As the 
irregular silica, a silicic add compound or its partially condensed product may be used alone or in combination of at 
least two. 

[0042] In the present invention, it is also preferred to bake the hexaboride particles selected to a surface treatment 
with irregular silica. As baking conditions, the particles are baked preferably at from 250 to 600°Cforat least 30 minutes, 
more preferably at from 400 to 550°C for at least 1 hour. Moisture incorporated in the hexaboride composite particles, 
added or formed at the time of the surface treatment with irregular silica, is removed by baking. Further, the layer 
subjected to a surface treatment with irregular silica, after baked, will be more dense. The baking may be earned out 
either in the air or in a reducing atmosphere of e.g. nitrogen. 
45 [0043] By the surface treatment of the hexaboride with irregular silica, the following two effects can be obtained. 

(1) Solubility of the hexaboride in water can be decreased. 

[0044] Even when hexaboride fine particles having an average particle size of at most 0.05 \tm are used as a material, 
so the hexaborate composite particles, which are subjected to a surface treatment with irregular silica, have a low solubility 
in water, and will not be eluted from the fluororesin even in a moisture resistance test, and the heat radiation blocking 
properties of the fluororesin film will be maintained. 

(2) The reaction of a slight amount of HF generated from the fluororesin and the hexaboride is remarkably suppressed, 
55 and the hexaboride concentration in the fluororesin film will be maintained. 

[0045] Although the fluororesin is chemically stable, if it is exposed to outdoors for from 1 0 to 1 5 years, the fluororesin 
partially deteriorates to generate free HF in the fluororesin film in some cases. In the hexaboride composite particles, 
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the irregular silica acts as an acid receptor for HF, and the reaction of HF with the hexaboride is suppressed, and 
accordingly heat radiation blocking properties will be maintained for a long term. 

[0046] Here, as the irregular silica has no influence over optical characteristics of the hexaboride, the hexaboride 
has such characteristics that visible light rays of from 400 to 700. nm are transmitted and near infrared rays of from 

5 700 to 1 ,800 nm are blocked, even after the surface treatment with irregular silica. 

[0047] In the present invention, it is preferred that the hexaboride is subjected to a surface treatment with irregular 
silica, and the mass ratio of the irregular silica as calculated as Si0 2 to the hexaboride is 30-1 00:100. If the amount of 
the irregular silica is small, no adequate surface treatment of the hexaboride fine particles may be carried out. The 
smaller the average particle size of the hexaboride fine particles, the larger the specific surface area, and thus a larger 

10 amount of the irregular silica is required for the surface treatment. The larger the amount of the irregular silica, the 
longer the heat radiation blocking properties will be maintained. On the other hand, if the amount of the irregular silica 
is too large, it will be necessary to increase the content of the hexaboride composite particles in the fluororesin film in 
order to obtain heat radiation blocking properties, whereby the haze of the fluororesin film tends to increase, and 
transparency tends to be Impaired. 

is [0048] In the present invention, the hexaboride composite particles, which are hexaboride particles subjected to a 
surface treatment with irregular silica, preferably have an average particle size of from 0.1 to 30 u,m. If the average 
particle size of the hexaboride composite particles is too small, the particles are likely to aggregate when dispersed in 
the fluororesin. Further, if the average particle size of the hexaboride composite particles is too large, holes or breakage 
are likely to take place on the film. The average particle size of the hexaboride composite particles is more preferably 

so from 0.2 to 25 um, most preferably from 0.5 to 20 ujn. 

[0049] As a method for producing the hexaboride composite particles, it is preferred that the fine particles of hexa- 
boride subjected to a surface treatment with Irregular silica are bonded by further using irregular silica as a bonding 
agent and grown into particles at a level of from 1 to 100 jim, and the particles are pulverized to obtain hexaboride 
composite particles having an average particle size of from 0.1 to 30 urn. 

25 [0050] Examples of a surface treatment procedure in cases where No. 3 sodium silicate and tetraalkyl silicate are 
used as a material of the irregular silica will be described below, but the present invention is not limited thereto. 

(1) In a case of No. 3 sodium silicate 

30 [0051] An aqueous mineral acid solution obtained by diluting a mineral acid such as hydrochloric acid, nitric acid or 
sulfuric acid with water, and an aqueous No. 3 sodium silicate solution are prepared. Then, into a water dispersion of 
a hexaboride heated to at least 50°C, the aqueous mineral acid solution and the aqueous sodium silicate solution are 
promptly dropped with adequate stirring, to form a slurry of hexaboride fine particles subjected to a surface treatment 
with irregular silica. At this time, the addition amount of sodium silicate is adjusted in order to achieve a predetermined 

35 Si0 2 amount based on the hexaboride amount. The hexaboride is gradually dissolved in water, and accordingly the 
reaction is completed within 1 hour. The formed slurry Is washed with water, subjected to filtration and dried at from 
about 1 00 to about 1 50°C, and the f ormed particles are pulverized as the case requires to obtain hexaboride composite 
particles. Otherwise, in order to further improve weather resistance or moisture resistance of the heat radiation blocking 
properties of the fluororesin film, the formed particles are baked at from 250 to 600°C for at least 30 minutes and then 

40 pulverized to obtain hexaboride composite particles. 

(2) In a case of tetraalkyl silicate 

[0052] A hexaboride is dispersed in an alcohol solution such as Isopropanol, and predetermined amounts of tetraalkyl 
45 silicate, and hydrochloric acid or ammonia are added thereto, and then water is added thereto, to hydrolyze the tetraalkyl 
silicate at from 60 to 70°C. At this time, stirring is continued until completion of the hydrolysis so that the formed irregular 
silica is fixed on the hexaboride fine particles. Then, In the same manner as In the case of sodium silicate, the formed 
particles are washed with water, dried, baked and pulverized. As the tetraalkyl silicate, preferred is tetramethyl silicate 
or tetraethyl silicate. When a tetraalkyl silicate is used, only Si0 2 forms after hydrolysis, and thus excellent heat resist- 
so ance even in a baking process or a process of kneading with the fluororesin can be obtained. For example, hexaboride 
composite particles obtainable even after baking at 300°C or higher do not undergo change of color and are preferred. 
[0053] The fluororesin film of the present invention preferably contains the hexaboride composite particles in an 
amount of from 0.01 to 1 part by mass, more preferably from 0.03 to 0.5 part by mass, most preferably from 0.05 to 
0.3 part by mass, based on 100 parts by mass of the fluororesin. Within this range, the fluororesin film is excellent in 
55 visible light ray blocking properties, and is suitable as a use for outside materials for agricultural houses or lightproof 
and heat radiation blocking curtains. 

[0054] In a case where the heat radiation blocking fluororesin film of the present invention is used as an outside 
material, characteristics with a visible light ray transmittance of at least 75% and a solar light transmittance including 
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infrared light (hereinafter referred to as solar radiation transmittance) of at most 65% are required. Further, if it is used 
as a lightproof heat radiation blocking curtain, characteristics with a visible light ray transmittance of from 30 to 70% 
and a solar radiation transmittance of at most 50% are required. For a use as agricultural covering materials, required 
characteristics vary depending upon crop plants and cultivation area, and it is preferred to adjust the visible light ray 

s transmittance and the solar radiation transmittance of the fluororesin film correspondingly. 

[0055] In the present invention, it is also preferred that the surface of the hexaboride or hexaboride composite par- 
ticles is subjected to hydrophobilization with a hydrophobilizing agent. When the surface is subjected to hydrophobic 
zation, the hexaboride or hexaboride composite particles are less likely to aggregate when the hexaboride or hexabo- 
ride composite particles and the fluororesin are kneaded by melting to form the fluororesin film. 

10 [0056] The hydrophobilizing agent is preferably an organic silicon compound, particularly preferably a silane coupling 
agent or an organosilicone compound which is strongly bonded to the surface of the irregular silica and which can 
impart hydrophobicity. 

[0057] The silane coupling agent is preferably one having no hydrophilic group nor reactive functional group such 
as an epoxy group or an amino group, particularly preferably an organic silicon compound having an organic group 
15 having hydrophobicity. The organic group having hydrophobicity is preferably an atkyl group, an alkenyl group, an aryl 
group, an aralkyl group, a fluoroalkyl group, a f luoroaryl group, etc. Particularly preferred is a Cg.^ alky! group, a C 2 -2o 
fluoroalkyl group having a fluorine atom, a phenyl group which may be substituted with an alkyl group or a fluoroalkyl 
group, etc. 

[0058] The hydrolyzable group in the organic silicon compound may, for example, be an alkoxy group, an acyloxy 
20 group, an amino group, an isocyanate group or a chlorine atom. Particularly preferred is an alkoxy group having a 
carbon number of at most 4. Preferably from one to four, particularly preferably from two to three hydrolyzable groups 
are bonded to a silicon atom. 

[0059] The organosilicone compound is preferably an organosilicone having an organic group and a hydroxide group 
or a hydrolyzable group directly bonded to a silicon atom. The organic group is preferably an atkyl group having a 

25 carbon number of at most 4 or a phenyl group. As such an organosilicone, one called silicon oil is preferred. 

[0060] Specific examples of an organic silicon compound as the hydrophobilizing agent include trialkoxysi lanes such 
as methyl trimethoxysilane, ethyl trimethoxysllane, isobutyl trimethoxysilane, hexyl trimethoxysllane, (3,3,3-trifluoro- 
propyl)trimethoxysilane and ethyl triethoxysilane, and silicone oils such as dimethyl silicone oil, methyl hydrogen sili- 
cone oil and phenylmethyl silicone oil. 

30 [0061] Among them, preferred are ethyl triethoxysilane, isobutyl trimethoxysilane, hexyl trimethoxysilane, dimethyl- 
silicone oil and phenylmethyl silicone. They are preferred since these hydrophobilizing agents have a high reactivity 
with the hexaboride or hexaboride composite particles, and are capable of hydrophobilizing the hexaboride or hexa- 
boride composite particles with a small amount. 

[0062] In the present invention, the amount of the hydrophobilizing agent is optionally selected depending upon the 
35 surface area of the hexaboride or hexaboride composite particles, the reactivity of the hexaboride or hexaboride com- 
posite particles with the hydrophobilizing agent, etc. The amount of the hydrophobilizing agent is preferably from 1 to 
50 parts by mass, more preferably from 3 to 20 parts by mass, most preferably from 5 to 10 parts by mass, based on 
1 00 parts by mass of the hexaboride or hexaboride composite particles. Within this range, the hexaboride or hexaboride 
composite particles are less likely to aggregate, and the outer appearance of the fluororesin film will not deteriorate. 
40 [0063] The treatment method with the hydrophobilizing agent is not particularly limited, but preferred is a method of 
dispersing the hexaboride or hexaboride composite particles in a solution of e.g. water, an alcohol, an acetone, n- 
hexane or toluene having the hydrophobilizing agent dissolved therein, followed by drying. 

[0064] It is also preferred to incorporate an inorganic pigment such as iron oxide or cobalt oxide in addition to the 
above hexaboride or hexaboride composite particles into the fluororesin film of the present invention so as to control 

45 the visible light ray transmittance. 

[0065] Further, it is also preferred to incorporate cerium oxide and/or zinc oxide into the fluororesin film. When the 
cerium oxide and/or zinc oxide is Incorporated, the heat radiation blocking properties will be maintained for a longer 
term. The cerium oxide and/or zinc oxide particles are also preferably subjected to hydrophobilization in the same 
manner as for the hexaboride composite particles, and then kneaded with the fluororesin. The total content of cerium 

so oxide and/or zinc oxide is preferably from 1 to 1 0 parts by mass, more preferably from 1 .5 to 7 parts by mass, based 
on 1 part by mass of the hexaboride. When cerium oxide and/or zinc oxide is incorporated, the infrared ray blocking 
properties will be maintained for a longer term. 

[0066] in the present invention, the reason why the hexaboride has heat radiation blocking properties is not clearly 
understood in detail, but is considered to be because such fine particles have a large amount of free electrons, and 
55 the absorption energy of an indirect transition between bands by free electrons in the inside and on the surface of the 
fine particles is in the vicinity of the visible light to near infrared region, and accordingly near infrared rays are absorbed. 
Particularly, LaB 6 has a maximum absorption wavelength in the vicinity of from 1 ,000 to 1 ,100 nm which is considered 
to be most intense among near infrared rays generated from solar light, and has a maximum transmission wavelength 
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in the vicinity of 580 nm, and thus blocks near infrared rays and transmit visible light rays and is most preferred. 
[0067] The heat radiation blocking f luororesin film of the present Invention can be used as building materials as roof 
materials for e.g. botanic gardens, roofs for exhibition halls, domes and stadiums. Further, it can be used as agricultural 
covering materials such as outside materials for agriculture or curtains, and it makes cultivation of crop plants which 
have not been cultivated in summer, such as spinach and strawberry possible. 

[0068] Now, the present invention will be explained in further detail with reference to Examples. However, It should 
be understood that the present invention is by no means restricted thereto. 

[0069] Evaluation of heat radiation blocking properties, evaluation of heat radiation blocking effect, evaluation of 
weather resistance, evaluation of moisture resistance and measurement of the average particle size were carried out 
in accordance with the following methods. 

Evaluation of heat radiation blocking properties : Using a UV-VIS-IR spectral measuring apparatus UV3100 manufac- 
tured by Shimadzu Corporation, the visible light transmittance and solar radiation transmittance were measured in 
accordance with JIS R31 06 Testing method on transmittance. reflectance and omittance of flat glasses and evaluation 
of solar heat gain coefficient". Evaluation of heat radiation blocking effect : A polystyrenefoam container having a space 
volume of 50x50x50 cm, having its five inner surfaces painted in black, was prepared, and a film obtained in each of 
Examples was bonded to the aperture and left to stand under direct sunlight (weather clear) from 9 a.m. to 2 p.m., 
and the temperature in the inside of the container at 2 p.m. was measured to confirm the heat radiation blocking effect 
by comparison with an ETFE film of 1 00 ujn. A small increase In temperature indicates excellent heat radiation blocking 
properties. 

Weather resistance evaluation : JIS K7350-4 "weather resistance test weather resistance test using an open-frame 
carbon-arc lamps" was carried out for 5,000 hours, and optical characteristics before and after the test were measured. 
The weather resistance as an agricultural house film was evaluated by the change. 

Moisture resistance evaluation : A test film was put in a constant temperature and humidity tank of 60°C at 90% RH 
for 2,000 hours, and then heat radiation blocking properties were evaluated as a measure for moisture resistance. 
Average particle size : The average particle size was measured by particle size laser diffraction by using a scattering 
type particle size distribution measuring apparatus (LMS24 manufactured by SEISHIN ENTERPRISE CO., LTD.). 



30 [0070] 40 g of LaB 6 (lanthanum hexaboride) fine particles having an average particle size of 0.1 urn were dispersed 
in a 5% toluene solution of phenyl methyl silicone. Then, toluene was evaporated at 140°C and removed to obtain 42 
g of LaB 6 fine particles subjected to hydrophobilization with phenyl methyl silicone. 

[0071 ] 7 g of the LaB 6 fine particles subjected to hydrophobilization and 4 kg of ETFE (AFRON COP88AX manufac- 
tured by Asahi Glass Company, Limited) were mixed in a V mixer dryly. The mixture was pelletized by a twin screw 

35 extruder at 320°C. Using the pellets, a film 1 -A of 1 00 urn was formed by a T-die method at 320°C. The optical char- 
acteristics of this film were measured by using a UV-VIS-IR spectral measuring apparatus UV3100 manufactured by 
Shimadzu Corporation. As the spectral characteristics in accordance with JIS R31 06, the visible light ray transmittance 
was 56.5% and the solar radiation transmittance was 34.0%. Further, the infrared ray blocking properties of the film 
were measured. An ETFE film 1-E of 1 00 um was used as a comparative sample. 

40 [0072] In the case of the film 1 -A, the temperature in the inside of the container was 32°C at 2 p.m., whereas it was 
39°C in the case of the ETFE film 1 -E of 1 00 jxm as the comparative sample, and the difference was 7°C. 
[0073] Further, the weather resistance evaluation of the film 1 -A was carried out. After the test, the visible light ray 
transmittance was 62.6%, and the solar radiation transmittance was 41.4%, and the solar radiation transmittance in- 
creased by 7.4% as compared with before the test. 

45 [0074] The light ray transmittances of the film 1 -A, a film 1 -B which was the film 1 -A after the weather resistance test 
and the film 1-E are shown in Fig. 1. 



so [0075] A film 2 obtained in the same manner as in Example 1 except that the thickness of the film was 60 um, was 
tested in the same manner as in Example 1 and the results are shown in Table 1 . 



[0076] A film 3 having a thickness of 1 00 um, obtained in the same manner as in Example 1 except that 2.3 g of the 
hydrophobilized LaB 6 fine particles used in Example 1 was used, was tested in the same manner as in Example 1 , 
and the results are shown in Table 1 . 
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EXAMPLE 4 



[0077] 100 g of 0eO 2 (cerium oxide) fine particles having an average particle size of 0.05 urn were dispersed in a 
5% toluene solution of phenyl methyl silicone, and toluene was evaporated at 140°C and removed to obtain 105 g of 
Ce0 2 fine particles subjected to hydrophobilization with phenyl methyl silicone. 

[0078] 10 g of the cerium oxide subjected to hydrophobilization with phenyl methyl silicone and 2.3 g of the hydro- 
phobilized LaBg fine particles prepared in Example 1 were mixed with 4 kg of the same ETFE as in Example 1 . Then, 
the mixture was palletized by a twin screw extruder at 320°C. Then, a film 4 of 1 00 urn was formed by a T-die method 
at 320°C. This film 4 was tested in the same manner as in Example 1 , and the results are shown in Table 1 . 



EXAMPLE 5 



[0079] 5 g of the Ce0 2 fine particles subjected to hydrophobilization with phenyl methyl silicone prepared in Example 
4 and 2.3 g of the hydrophobilized LaB 6 fine particles prepared in Example 1 were mixed with 4 kg of the same ETFE 
as In Example 1 dryly. This mixture was pelletized by a twin screw extruder at 320°C. Then, a film 5 of 100 urn was 
formed by a T-die method at 320°C. The film 5 was tested in the same manner as In Example 1 , and the results are 

Qhnw/n in Tahfa 1 



shown in Table 1 . 
COMPARATIVE EXAMPLE 1 



[0080] Tin oxide fine particles doped with antimony (hereinafter referred to as ATO) subjected to hydrophobilization 
were obtained in the same manner as in Example 1 except that tin oxide particles doped with antimony, having an 
average particle size of 0.01 \im t were used Instead of the LaB 6 fine particles having an average particle size of 0.1 
Urn. 100 g of the ATO fine particle were mixed with 4 kg of ETFE, and a film 1-C of 100 urn was formed In the same 
* 25 manner as In Example 1 . Evaluation results of this film are shown in Table 1 . A film 1 -D which was the film 1 -C after 
the weather resistance test underwent whitening, and its visible light ray transmittance significantly decreased. The 
light ray transmittances of the film 1 -C and the film 1 -D are shown In Fig. 1 . 



COMPARATIVE EXAMPLE 2 

[0081] The visible light ray transmittance and the solar radiation transmittance of the ETFE film 1-E used as the 
comparative sample in Example 1 were both at least 91%. The light ray transmittance of the film 1-E is shown in Fiq 
2as2-D. 
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EXAMPLE 6 



[0082] 10 g of the LaB 6 fine particles having an average particle size of 80 nm and 50 g of isopropanol were mixed 
by using a dispersing apparatus for 30 minutes to prepare a 1 6.7% isopropanol dispersion of the LaBe fine particles. 
[0083] Then, 20 g (6.0 g as calculated as Si0 2 ) of tetraethyl silicate, 40 g of isopropanol, 0.5 g of ammonia water, 
60 g of the isopropanol dispersion of the LaB Q fine particles, and 60 g of water were sequentially added and mixed, 
followed by hydrolysis of tetraethyl silicate at 60°C to obtain LaB 6 fine particles subjected to a surface treatment with 
irregular silica. 

[0084] The obtained LaB 6 fine particles subjected to a surface treatment with irregular silica were subjected to f titra- 
tion and washed with isopropanol, and then dried at 120°C. Then, baking in an electric furnace at 500°C for 1 hour 
was carried out, and the obtained particles were pulverized in a pulverizer to obtain LaBe composite particles. The 
amount of the irregular silica used for the surface treatment of the LaBe particles as calculated as Si0 2 was 60 parts 
by mass based on 100 parts by mass of LaB 6 . Hereinafter they will sometimes be referred to as LaBe composite 
particles 1 subjected to surface treatment with silica 60. Further, in the following Examples, "LaB 6 composite particles 
subjected to a surface treatment with silica nn° means composite particles subjected to a surface treatment with irregular 
silica in an amount of nn parts by mass based on 100 parts by mass of LaB^. 

[0085] The LaB 6 composite particles 1 subjected to a surface treatment with silica 60 had an average particle size 
of 4.0 u.m. 

[0086] 15 g of the LaB 6 composite particles 1 subjected to a surface treatment with silica 60 was dispersed In 100 
g of a 1% toluene solution of phenyl methyl silicone, and toluene was evaporated at 140°C and removed to obtain 16 
g of LaBe composite particles 1 subjected to a surface treatment with silica 60, hydrophobilized with phenyl methyl 
silicone. Hereinafter they will sometimes be referred to as hydrophobilized LaB 6 composite particles 1 subjected to a 
surface treatment with silica 60. The hydrophobilized LaB 6 composite particles 1 subjected to a surface treatment with 
silica 60 had an average particle size of 4.2 p.m. 

[0087] 3.0 g of the hydrophobilized LaB 6 composite particles 1 subjected to a surface treatment with silica 60 and 
2,500 kg of ETFE (FURUON ETFE88AX manufactured by Asahi Glass Company, Limited) were mixed by a V mixer 
dryly. The mixture was pelletlzed by a twin screw extruder at 320°C. Using the pellets, a film 6 of 1 00 jim was formed 
by a T-die method at 320°C. The optical characteristics (heat radiation blocking properties) of the film 6 were measured. 
The visible light ray transmittance was 70.0%, and the solar radiation transmittance was 51 .6%. Further, using the 
ETFE film 1-E of 100 u/n as a comparative sample, the heat radiation blocking effect of the film 6 was measured. 
[0088] In the case of the film 6, the temperature in the inside of the container at 2 p.m. was 34°C, whereas it was 
39°C in the case of the ETFE film 1-E of 100 jun as the comparative sample, and the difference was 5°C. 
[0089] Further, the weather resistance evaluation of the film 6 was carried out, whereupon the visible light ray trans- 
mittance was 69.8% and the solar radiation transmittance was 51 .7% after accelerated exposure of 5,000 hours, and 
substantially no change as compared with before the test was shown. Further, after the moisture resistance test for 
2,000 hours, the visible light ray transmittance was 70.0% and the solar radiation transmittance was 51 .6%, and sub- 
stantially no change as compared with before the test was shown. The results are shown in Table 2. Further, the initial 
light ray transmittance 2-A of the film 6, the light ray transmittance 2-B after the weather resistance test and the light 
ray transmittance 2-C after the moisture resistance test at a wavelength of from 200 to 2,400 nm are shown in Fig. 2. 
Further, characteristics of the film 6 are show in Table 2. 



[0090] Hydrophobilized LaB 6 composite particles 2 subjected to a surface treatment with silica 60 were obtained in 
the same manner as in Example 6 except that no baking at 500°C was carried out. A film 7 having a thickness of 100 
nm, obtained in the same manner as in Example 1 except that the hydrophobilized LaB 6 composite particles 2 subjected 
to a surface treatment with silica 60 were used, was tested in the same manner as in Example 6 and the results are 
shown in Table 2. Here, the LaB 6 composite particles 2 subjected to a surface treatment with silica 60 before hydro- 
phobilization had an average particle size of 3.1 urn. The hydrophobilized LaB 6 composite particles 2 subjected to a 
surface treatment with silica 60 had an average particle size of 3.1 u.m. 



[0091] Hydrophobilized LaB 6 composite particles 3 subjected to a surface treatment with silica 100 were obtained 
in the same manner as in Example 6 except that no baking was carried out. The average particle sizes of the LaBe 
fine particles subjected to a surface treatment with irregular silica in an amount of 1 00 parts by mass before hydropho- 
biiization and after hydrophobilization were 3.8 u/n and 3.9 ujti, respectively. A film 8 having a thickness of 100 u/n, 
obtained in the same manner as in Example 6 except that hydrophobilized LaB 6 composite particles 3 subjected to a 
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surface treatment with silica 1 00 were used, was tested in the same manner as in Example 6 and the results are shown 
in Table 2. 

EXAMPLE 9 

[0092] Hydrophobilized LaB Q composite particles 4 subjected to a surface treatment with silica 30 were obtained in 
the same manner as in Example 8. The baking was carried out at 400°C for 30 minutes. The average particle sizes of 
the LaBe composite particles 4 subjected to a surface treatment with silica 30 before hydrophobilization and after 
hydrophobilization were 2.1 urn and 2.2 urn, respectively. A film 9 having a thickness of 1 00 nm, obtained in the same 
manner as in Example 6 except that the hydrophobilized LaB 6 composite particles 4 subjected to a surface treatment 
with silica 30 were used, was tested in the same manner as in Example 6 and the results are shown In Table 2. 

EXAMPLE 10 

[0093] Hydrophobilized LaB 6 fine particles 5 were obtained by conducting hydrophobilization in the same manner 
as in Example 6 except that the LaB 6 fine particles obtained in Example 6 were used, and no surface treatment with 
irregular silica and baking were carried out. The hydrophobilized LaB e fine particles 5 had an average particle size of 
0.15 jim. A film 1 0 having a thickness of 1 00 urn, obtained in the same manner as in Example 6 except that 2.2 g of 
the hydrophobilized LaB 6 fine particles 5 and 2,500 g of ETFE were used, was tested in the same manner as In Example 
6 and the results are shown in Table 2. Further, the initial light ray transmittance 3-A of the film 1 0, the light ray trans- 
mittance 3-B after the weather resistance test and the light ray transmittance 3-C after the moisture test at a wavelength 
of from 200 to 2,400 nm are shown in Fig. 3. 

EXAMPLE 11 

[0094] LaB e composite particles 6 subjected to a surface treatment with silica 20 were prepared in the same manner 
as In Example 6. Baking was carried out at 500°C for 1 hour. The particles had an average particle size of 3,3 urn 
Then, hydrophobilized LaBe composite particles 6 subjected to a surface treatment with silica 20 were obtained in the 
same manner as in Example 6. The composite particles had an average particle size of 3.4 pm. A film 11 having a 
thickness of 100 pm, obtained in the same manner as in Example 6 except that the hydrophobilized LaB 6 composite 
particles subjected to a surface treatment with silica 20 were used, was tested in the same manner as in Example 6 
and the results are shown in Table 2. 

COMPARATIVE EXAMPLE 3 

[0095] Hydrophobilized tin oxide particles doped with antimony were obtained in the same manner as in Example 6 
except that tin oxide particles doped with antimony having an average particle size of 0.01 jim were used instead of 
the LaB 6 particles. 1 00 g of the hydrophobilized tin oxide particles doped with antimony and 4 kg of ETFE were mixed, 
and then the same operation as in Example 6 was carried out to obtain a film 12 having a thickness of 100 \im, which 
was tested in the same manner as in Example 6 and the results are shown in Table 2. After the weather resistance 
test, the film underwent whitening, and the visible light ray transmittance significantly decreased. The film 11 was tested 
in the same manner as in Example 6 and the results are shown In Table 2. 
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[0096] The heat radiation blocking f luororesin film of the present invention is excellent in transparency, heat radiation 
blocking properties and weather resistance. When It is used as a building material such as a roof material or as an 
agricultural covering material, increase in temperature of a room in summer can be suppressed, and its characteristics 
will be maintained for a long term. 

[0097] The entire disclosures of Japanese Patent Application No. 2001 -376890 filed on December 11 , 2001 . Japa- 
nese Patent Application No. 2002-138591 filed on May 14, 2002 and Japanese Patent Application No. 2002-307263 
.filed on October 22, 2002 including specifications, claims, drawings and summaries are incorporated herein by refer- 
ence in their entireties. 



Claims 

1. A heat radiation blocking fluororesin film comprising a f luororesin containing a hexaboride. 

2. The heat radiation blocking fluororesin film according to Claim 1 , wherein the content of the hexaboride is from 
0.01 to 1 part by mass based on 100 parts by mass of the fluororesin. 

3. The heat radiation blocking fluororesin film according to Claim 1 or 2, wherein the average particle size of the 
hexaboride is from 0.005 to 0.40 urn. 

4. The heat radiation blocking fluororesin film according to any one of Claims 1 to 3, wherein the hexaboride is 
subjected to a surface treatment with irregular silica, and the mass ratio of the irregular silica as calculated as SIO* 
to the hexaboride Is 30-1 00: 1 00. 

5. The heat radiation blocking fluororesin film according to Claim 4, wherein the average particle size of the hexaboride 
subjected to a surface treatment with irregular silica is from 0.1 to 30 jun. 

6. The heat radiation blocking fluororesin film according to any one of Claims 1 to 5, wherein the surface of the 
hexaboride is subjected to hydrophobilization with an organic silicon compound. 

7. The heat radiation blocking fluororesin film according to any one of Claims 1 to 6, wherein the hexaboride is LaB 6 . 

8. The heat radiation blocking fluororesin film according to any one of Claims 1 to 7, wherein the fluororesin Is at 
least one member selected from the group consisting of an ethylene-tetrafluoroethylene type copolymer, a hex- 
afluoropropylene-tetrafluoroethylene type copolymer, a perfluorofalkyl vinyl ether)-tetrafluoroethylene type copol- 
ymer and a tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride type copolymer. 

9. The heat radiation blocking fluororesin film according to any one of Claims 1 to 7, wherein the fluororesin is an 
ethylene-tetrafluoroethylene type copolymer. 

10. The heat radiation blocking fluororesin film according to any one of Claims 1 to 9, which contains, in addition to 
the hexaboride, cerium oxide and/or zinc oxide in a total amount of from 1 to 1 0 parts by mass based on 1 part by 
mass of the hexaboride. 
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